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HIGHLIGHTS GRAPHICAL ABSTRACT

o Topological tools are applied for pre-
dicting 3D MOFs to 2D nanosheets
exfoliation.

eA new compound  [Zn4(THIP)
(HCO2)3(H20)4]eDMF was synthesized
using 4,5,6-trihydroxyisophtalic acid
(HsTHIP) and exfoliated.

o The nanosheets of height 0.1-90 nm and
lateral sizes above 400 nm are good
candidates for coating and nanoparticles
support.
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ABSTRACT

Herein a general concept for screening 3D metal-organic frameworks (MOFs) for 2D nanosheets design is presented. Active coordination centers and terminal ligands
of 3D-to-2D MOF nanosheets can result in self-assembly of multilayer structures. In comparison to 2D MOFs, 3D frameworks can provide nanosheets with better
adhesion, strength, adsorptive capacity and catalytic activity, They are also promising in semiconductors, sensorics, and drug delivery systems. However, less than a
dozen of 3D-to-2D MOF nanosheets have been produced to date. Therefore, we applied topological tools of ToposPro and Cambridge Structural Database for
screening 3D MOFs as sources of new 2D nanosheets. Cluster representation uncovered the potential existence of 2D nanosheets as subnets of 3D networks in 3032
structures, Furthermore, parameters of building units, net topologies, and accessible channels were analyzed. The concept was proved by synthesis and successful
exfoliation of new compound [Zn4(THIP)(HCO,)3(H20)4]eDMF (1), which was assembled from 4,5,6-trihydroxyisophtalic acid (HsTHIP) as intralayer linker, formate
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4. Conclusions

Computer tools for topological analysis open up plenty of new
research directions in nanomaterials design. ToposPro program package
was applied for analysis of 3056 topological representations of 3D MOFs
(from CSD) with 2D SBUs interconnected by coordination bonds. It was
shown that these structures have potential as sources of new nanosheets,
Cluster topological representations provided topological prerequisites
for predicting exfoliation and possible nanosheets morphology. The high
ratio of average coordination number of nanosheet to average number of
interlayer pillars incident to nodes, presence of only chelating modes of
ligands inside of nanosheets, larger length of the shortest interlayer
edge, and wide accessible channels were suggested as factors promoting
exfoliation. Possible routs for designing nanosheets were organized into
the form of decisions tree. New compound [Zn4(THIP) (HCO2)3(H20)4]e
DMF was synthesized and assigned to the most frequent pattern in the
decisions tree. The nanosheets of the compound with height 0.1-90 nm
were produced by exfoliation technique that further proves the general
concept. We encourage the scientific community to continue studies of
exfoliation for other categories of 3D MOFs in the decisions tree and
searches of practical applications for them. Further accumulation of the
experimental data will allow development of machine learning tech-
niques for predicting exfoliation.
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